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Effects of Various Inoculants on
Nitrogen Fixation and Yield of Soybeans*
Edward P. Dunigan/ Otha B. Sober, ^ James L. Rabb^
AND Donald J. Boquet^
One of the most critical problems facing mankind at present is an .
inadequate supply of protein. This problem has been amplified by the
rapidly escalating cost of natural gas, which is an important commodity in —
the manufacture of commercial nitrogen fertilizers. This has resulted in
increasingly expensive fertilizer. It has also contributed to renewed interest
in increasing nitrogen fixation by the leguminous plants. These plants are
capable of establishing a symbiotic association with root-nodulating bac-
teria of the genus Rhizobium. This association is then capable of using, or
"fixing," free nitrogen (N2) from the air to supply much of the plant's
nitrogen needs. Much of the research in this field has been concerned with
the soybem-Rhizobiumjaponicum association. This species of Rhizobium
is usually present in soils that have been previously cropped to soybeans.
However, it is sometimes absent from soils that have not been used for
soybean production, and therefore this beneficial relationship cannot be
established without inoculating the seed just prior to planting.
Research has shown that even when the soybean root system is well
nodulated, the amount of N2 fixed may not be adequate to supply the total
needs of the plant. For this reason, introduction of Rhizobium strains which
are superior N2-fixers, compared with the indigenous soil strains, appears
to be highly desirable. Theoretically, this could be accomplished by inocu-
lation of the seed with these superior strains. However, work in the LSU
Department of Agronomy has deomonstrated that it is usually difficult to
introduce many of the inoculaint-Rhizobium into nodules on the roots of
soybeans grown in Louisiana soils.
Field research has been conducted for 4 years to determine whether any
of the different types of soybean inoculants that are available to Louisiana
farmers are capable of increasing N2 fixation within the soybean plant or of
increasing seed yields.
*This work was supported in part by a grant from the Louisiana Soybean Promotion
Board.
^Professor, and former Graduate Research Assistant, respectively, Department of
Agronomy, LSU, Baton Rouge, La.
-Associate Professor, Red River Valley Experiment Station, Bossier City, La.
•^Associate Professor, Northeast Louisiana Experiment Station, St. Joseph, La.
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Experimental Procedure
Test Locations
All tests were conducted at five facilities of the Louisiana Agricultural
Experiment Station. These locations, together with some of the properties
of the test soils, are listed in Table 1 . Tests were conducted only in 1975 at
the Ben Hur Farm in Baton Rouge. Data for 2 years were obtained from
tests conducted at Idlewild Experiment Station, Clinton, (1975-76), and
the Northeast Louisiana Experiment Station, St. Joseph (1977-78). Field
tests were conducted at the Burden Research Center, Baton Rouge, and the
Red River Valley Experiment Station, Bossier City, for 4 years (1975-78).
Table 1 .—Some chemical and physical properties of soils used in testing different
soybean inoculants at five locations in Louisiana
Burden Red River Northeast
Soil Ben Hur Idlewild Research Valley Louisiana
properties Farm Expt. Sta. Center^ Expt. Sta. Expt. Sta.
Soil series Mhoon Providence Olivier Severn Commerce
Texture^ sici sil sil fsl sil
P (ppm) 111 19 53 182 258
K (ppm) 150 142 87 132 203
Co (ppm) 2,287 490 870 1,135 3,015
Mg (ppm) 441 106 348 284 610
pH 6.0 5.2 5.8 7.3 7.1
Organic
matter (%) 1.68 1.90 0.85 0.58 0.77
^300 lb/A of 0-20-20 fertilizer was applied annually,
^f = fine; s = sand; si = silt; c = cloy; 1 = loam.
Inoculants
All inoculants were obtained from the distributing companies or one of
their technical representatives. A new sample was obtained each year an
inoculant was used at any of the test locations. Depending on the type of
sample, all were stored either in a refrigerator at 4°C or in a freezer at
-20°C upon receipt and were taken to test fields packed in ice.
Six different types of inoculants were included in the tests. These
included the following forms: peat-base, oil-base, pre-package mixtures,
granular formulations, frozen cell-concentrates, and clay-base. Not all
inoculants were used at all locations or in all years.
Specific inoculants tested were:
1
.
Peat-base.—This is the most readily available form of inoculant. It is
recommended as a planter-box treatment applied to the seed. All peat
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inoculum was provided by the Nitragin Company, Milwaukee, Wisconsin.
The peat carrier had a pH of 6.2, a moisture content of 40.5 percent, and
contained approximately 10^ viable rhizobia per gram.
2. Oil-base.—Molynoctin L® and Triple-Noctin L® are oil-based,
planter-box treatments sold by Kalo Laboratories, Inc., Kansas City,
Missouri. Molynoctin L® is described as a specially formulated liquid
suspension of N2-fixing bacteria and molybdenum (5.34 percent molyb-
denum). The liquid suspension is purported to isolate the microorganisms
from the toxic interactions with the molybdenum. Triple-Noctin L® is quite
similar to the Molynoctin L® with a 4.9 percent molybdenum content. It
also contains 14.66 percent of the fungicide tetramethylthiuram disulfide
(Thiram). Again, this liquid suspension is intended to protect the nodulat-
ing bacteria from the toxic effects of both the molybdenum and the
fungicide.
3. Pre-packaged mixtures.—Pro-treat 2® and Pro-treat 3® are planter-
box treatments sold by the Nitragin Company, Milwaukee. Both consist of
two pour-canisters held together by the label. One canister contains 15
ounces of Nitragin's peat-base inoculant. The second canister of the Pro-
treat 2® contains 20 ounces of a mixture of 75 percent inert ingredients and
25 percent of the fungicide N-((trichloromethyl) thio)-4 cyclohexene-1 ,2-
dicarboximide (Captan). Pro-treat 3® is identical, except that the second
canister also contains 4. 75 percent molybdenum. The contents of these two
canisters are to be thoroughly mixed immediately before being used to treat
5 bushels of soybean seeds. This reportedly allows for survival of the
Rhizobium, since they are not in contact with the toxic molybdenum and
Captan fungicide until the seeds are ready to be planted.
4. Granular inoculant.—Soil Implant® was provided by the Nitragin
Company, Milwaukee. It is a pesii-Rhizobium japonicum mixture that has
been pressed into tiny granules approximately 20 to 60 mesh in size. The
mixture is dropped directly into the furrow along with the seed and covered
immediately. It is free-flowing and can be metered out uniformly through
drill attachments or applicators designed for distribution of small amounts
of granular insecticides or herbicides. Litde labor is involved. Because it
does not depend on its ability to stick to the seed, it can be applied at any
rate desired. It normally is applied at about 5 pounds per acre, but there
would be no reason why higher rates, and consequently larger numbers of
the nodulating bacteria, could not be applied. Chemical seed treatments
can be used with less likelihood of killing inoculant bacteria because the
granules are applied directly into the soil. Seeds need not be moistened
before planting, thereby reducing any danger of seed coat swelling or
damage.
5. Frozen concentrates.—These are viscous slurry suspensions of
Rhizobium japonicum cells that have been concentrated by centrifugation.
This allows for extremely high numbers of cells per milliliter. The cells are
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kept alive by being maintained in a frozen state. However, the inoculants
must be purchased and stored in this frozen state until used. If a culture
thaws, it cannot be refrozen without killing many of the cells. On the day
the materials are to be used, they are thawed and diluted with water. The
volume depends on whether the inoculant is to be used as a direct soil
treatment or as a seed treatment. Individual manufacturers' directions must
be closely followed at this point, as they vary with the product and use.
These inoculants can be applied with pressurized spray systems or gravity
flow applicators.
The diluted cell suspensions cannot be mixed with chemicals or fertiliz-
ers and cannot be refrozen. The thawed product should be used within 24
hours. High temperatures, such as would be encountered in the summer in
Louisiana, are lethal to the nodulating bacteria. If it is necessary to store the
unused material during the day it is being used, it should be stored in a
refrigerator or ice chest.
The main advantage of the frozen concentrates is that very large numbers
of Rhizobiumjaponicum can be placed near the seed in the soil. In our tests,
two sources of these frozen concentrates were used: Hy-Rhize,® provided
by Microlife Technics of Sarasota, Florida, and Legume-Aid,® provided
by Agricultural Laboratories, Inc., Columbus, Ohio.
6. Clay-based inoculants.—These products are manufactured by Ag-
ricultural Laboratories, Inc., Columbus, Ohio, and sold under the trade
name of Dormal.® At the time of testing, the sample containing added
molybdenum was a pre-packaged mixture. This combination is now being
marketed in separate containers of molybdenum and inoculant which are
mixed just prior to seed application to reduce the possible toxic effects of
the molybdenum on the Rhizobium cells. Dormal® is a planter-box inocu-
lant and, because of the clay base, it must be applied to dry seed.
Planting
All tests were hand planted using a Planet Jr. or similar type hand
planter. All inoculants were applied to the seed or soil at the time of
planting. The peat-based, oil-based, pre-packaged mixtures, and the clay-
based products were all applied to the seed immediately before planting.
The granular inoculant and frozen concentrates were applied directly into
the soil at planting. The granular material was applied by removing the
hipper and wheel from the hand planter and planting the beans into a furrow
that remained opened. The various rates of granular inoculant were then
applied into the open seed furrow by hand and the furrow was immediately
covered with soil. The frozen concentrates were thawed just before dilution
to the test concentrations and applied into the soil with a gravity-flow
applicator just behind the seed. The seed and inoculant were immediately
covered by the normal action of the planter.
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Seed
Bossier cultivar soybean seed was used in all tests at Ben Hur Farm, the
Idlewild Experiment Station, and at the Burden Research Center in 1975
and 1976. Dare cultivar seed was used at the Burden Research Center and
the Northeast Louisiana Experiment Station in 1977. Centennial cultivar
seed was used at these two locations in 1978. This Centennial seed proved
to be of poor quality and poor plant stands were obtained. For this reason,
no seed yield data were gathered at these two locations in 1978. Bossier
cultivar seed was used during all 4 years at the Red River Valley Experi-
ment Station.
Nitrogen Fixation and Seed Yield
When the soybean plants reached the early flowering stage, their roots
were carefully excavated from the soil. The acetylene (C2H2) to ethylene
(C2H4) reduction test was run in the field to compare the rate of N2 fixation
between the uninoculated control plants and plants from seed treated with
the various inoculants. This field test involved incubating the soybean roots
with their attached nodules in sealed glass jars containing 10 percent (v/v)
C2H2. The metal lids on the jars had been modified with a sealed-in rubber
septum to accomodate a syringe needle. At the end of 1 hour, a 1 0 milliliter
sample of gas was withdrawn from each jar and stored in a vacutainer until
the concentration of C2H4 was determined by gas chromatography in the
laboratory. This is a very sensitive test that provides an accurate measure-
ment ofhow rapidly N2(C2H2) is being fixed by one plant as compared with
another. Although a 3: 1 ratio appears evident from the following chemical
equations, it is desirable to confirm this with an expensive ^^N2 experi-
ment. When this is not done, results are usually reported as micromoles
(fM) of C2H4 produced.
The equations are:
A. For N2 fixation,
N2 + 3H2 >2NH3.
B. For acetylene (C2H2) reduction to ethylene (C2H4),
HC=CH + H2 > H2C CH2.
After this test, all nodules were removed from the roots, counted, and
dry weights were obtained by drying at 60°C for 3 to 4 days.
Seed yield was obtained by cutting the two center rows of plants with a
gas-powered Weed-Eater® equipped with a saw blade and then threshing
with a small plot thresher. Seed weights were converted to 13 percent
moisture and yields (bu/A) were calculated.
All numerical data were subjected to statistical analysis to determine if
true differences existed between controls and the various inoculants. Com-
parisons were made between each individual treatment value and the
control value.
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Results and Discussion
Three inoculants were tested at the Ben Hur Farm location in 1975
(Table 2). The frozen concentrate (Hy-Rhize®) and the granular (Soil
Implant®) inoculants were applied at one- and two-times the manufac-
turer's recommended rates. There was a highly significant increase in the
average number of nodules per plant from the use of the peat-base inocu-
lant. However, well nodulated soybeans can easily exceed 200 nodules per
root system. Therefore, even though the value of 16 was significantly
higher than the control value, it was still considered to be a very poorly
nodulated root system. Seed yields were considered to be quite good.
However, none of the inoculant treatments resulted in a statistically sig-
nificant increase in seed yield.
Table 2.—Effects of various types of inoculants on nodulation and yield of soybeans
grown at Ben Hur Farm, Baton Rouge, La., 1975
No. of nodules Yield
Inoculant Rate^ per plant (bu/A)
Control 9 35.4
Peat M 16** 36.0
Hy-Rhize 1 9 33.4
2 9 36.4
Soil Implant 1 13 34.9
2 11 35.2
^Rate = number times manufacturer's recommended rate; M = massive, or unusually excessive rate.
**Larger than the control value at the 1% level of probability.
Similar testing was conducted at the Idlewild Experiment Station at
Clinton in 1975 and 1976 (Table 3). In 1976, a second frozen concentrate
(Legume Aid®) was added to the test treatments. Both frozen concentrates,
Hy-Rhize® and Legume Aid,® were applied at rates several times in excess
of the manufacturer's recommendations in hopes of obtaining a response
from heavier applications. In 1976, the nodules were dried and weighed as
part of the evaluation procedures. In 1975 and 1976, the use of the peat
inoculant resulted in a highly significant increase in the average number of
nodules per plant, although nodule numbers were quite low in 1975. In
1976, the average of 122 nodules per plant constituted a substantial in-
crease in nodulation. However, statistical analyses of the dry weight data
indicated there were no significant differences between any of the weights.
This was interpreted to mean that the higher number of nodules from the
peat treatment averaged less weight per nodule and were, therefore, proba-
bly smaller nodules. Larger nodules are thought to be the more efficient
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Table 3.—Effects of various types of inoculants on nodulation and yield of soybeans
grown at Idlewild Experiment Station, Clinton, La., 1975-76
Inoculant D A 1Rate'
No. nodules
per plant
Dry weight of
nodules/plant Yield
1975 1976 1976 1975 1976
(ma) -(bu/A)
Control 1
1
46 264 22.3 15.2
Peat KArn 25** 122** z/4 OO A ICO
Hy-Rhize 15 — 28.2 —
2 15 22.5
cJ 63 IT O
25 42 130 25.3
50 63 238 — 29.8
Legume Aid 5 54 165 17.4
25 70 / 195 21.5
50 74 232 23.0
Soil Implant 1 12 23.0
2 16 22.5
^Rate= number times manufacturer's recommended rate; M = massive, or unusually excessive rate.
**Larger than the control value at the 1% level of probability.
N2 -fixing nodules on soybean roots.
^
Seed yields were considered low in both years. In 1976, yields from
plants inoculated with Hy-Rhize® and those from plants inoculated with
Legume-Aid® appeared to be considerably higher than those from plants in
the control and peat treatments. However, no statistical differences could
be found between the controls and any of the treatments.
A summary of the data obtained in 2 years of testing at the Northeast
Lx)uisiana Experiment Station, St. Joseph, is shown in Table 4. Although
plants were much better nodulated in 1977 than in 1978, no statistically
significant differences were found with respect to average number of
nodules or dry weight of nodules in either year. Wide variations in the
number of nodules per plant caused average-number-of-nodule values,
such as the Pro-treat 3® value, 123, not to be significantly different from
the control value of 54. Values in excess of 100 nodules per root would be
highly desirable provided the nodules were of sufficient size to be efficient
N2-fixing nodules. The average weight of the nodules on each root system
shows that the size of the nodules on the controls was surpassed by only
four other treatments. This indicated that nodules on control plants were
relatively large in comparison with those from the other treatments. Nodule
numbers and nodule dry weight values were considered very low in 1978.
^Alexander, Martin. 1961 . Introduction to Soil Microbiology. John Wiley and Sons, Inc.
New York.
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There were no statistically significant differences between treatments in
the average number of micromoles of C2H4 produced per plant in either
year. Values for the acetylene reduction test reflected the same relationship
noted previously for weight of nodules each year; rates of C2H4 production
were much higher in 1977 than in 1978. This illustrates the value of a
well-nodulated soybean root system in N2 fixation.
Poor-quality seed resulted in poor stands of beans in 1978, and con-
sequently seed yield data were not taken. Seed yields in 1977 were not
significantly different between the control and any of the inoculants.
However, all yields were considered to be about average for the area and
soil type.
The 4 years of data obtained at the Red River Valley Experiment Station
at Bossier City are summarized in Table 5. Nine different inoculants were
evaluated during this period. No significant differences were found be-
tween treatments with respect to average number of nodules per plant in
1975, 1976, or 1978. In 1978, the plants were considered to be very poorly
nodulated. In 1977, which was a very dry season at the Red River Station,
all rates of every inoculant tested caused highly significant increases in the
average number of nodules per plant when they were compared with the
control value.
Data on nodule number and dry weight were gathered for 3 years
(1976-78). Dry weight data appeared to be closely related to number of
nodules each year; i.e., very low values in 1978 and quite high values in
1977. There were statistically significant increases in nodule number per
plant due to treatments in 1977, but nodule weight per plant was not
significantly different from the control for any of the inoculant treatments,
possibly because of the high variation within the treatments. However, it
should be noted that the control value was the lowest value found.
The acetylene reduction test was used to check for differences in the rate
of N2 fixation in 1977 and 1978. Although no statistically significant
differences were noted in either year, the values again reflected the differ-
ent degree of nodulation found in the 2 years, with much lower values noted
in 1978. Also, in 1977, the lowest value once again was the control value.
Seed yields in 1975, 1976, and 1978 were very good, although not
unusually high for the fertile soils of the Red River Valley area. However,
no statistically significant difference was found between any of these
values when compared with the control values. In 1977, dry summer
weather resulted in low yields. Statistical analyses of these low values did
reveal significant increases in seed yield from the use of Soil Implant® at
the recommended rate and five times the manufacturer's recommended rate
and Hy-Rhize® frozen concentrate applied at the recommended rate. It was
felt that the strains of Rhizobiwn japonicum contained in these two inocu-
lants might possibly have been better able to survive under dry conditions,
but no sound explanation can be given for these significant increases in
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seed yield.
Data gathered at the Burden Research Center at Baton Rouge during a
4-year period are presented in Table 6. Eleven different inoculants were
tested during this period. No statistically significant differences were found
for any of the four parameters in any of the years. The summer of 1 977 was
very dry in this area of the state and this appeared to be reflected in the low
nodule number, nodule dry weight, N2 -fixing (C2H4 produced) activity,
and low seed yield. Poor germination of the Centennial cultivar used in
1978 prevented the accumulation of meaningful data. Those plants which
did emerge had a relatively large mass of nodules and high N2-fixing
activity. However, this was probably due to increased availability of
photosynthate from the widely spaced plants. No attempt was made to
gather seed yield data in 1978.
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Summary and Conclusions
Data on the effects of several different types of soybean inoculants have
been gathered during a 4-year period at. five different locations in
Louisiana. The different inoculants included ( 1 ) a peat-base, (2) an oil-base
with added molybdenum with or without a fungicide, (3) a clay-base, (4) a
granular material, (5) frozen concentrates that were diluted before use, and
(6) pre-packaged containers with peat-base inoculant in one container and a
fungicide with or without molybdenum in a second container. Effective-
ness of the inoculants was assessed by determining the average number of
nodules per plant root system, average dry weight of nodules per root
system, average micromoles of ethylene produced by the roots with the
nodules attached as a measure of the rate of N2 fixation, and seed yield. Not
all parameters were measured at every location in all years. Statistical
analyses were conducted to determine if differences existed between the
various treatments and the uninoculated control values.
The use of a peat-base inoculant significantly increased the number of
nodules per plant at the Ben Hur Farm at Baton Rouge in 1975 and at the
Idlewild Experiment Station at Clinton in 1975 and 1976. Neither the
peat-base nor any of the other inoculants caused any significant increase in
seed yield at either of these locations.
Field experiments were conducted at the Northeast Louisiana Experi-
ment Station, St. Joseph, during the summers of 1977 and 1978. Varying
rates of seven different inoculants did not significantly increase the number
or dry weight of nodules per plant, or the N2-fixing ability, in either year, or
the seed yield in 1977. Poor seed germination and a poor stand prevented
seed yield determinations in 1978.
Data were collected at the Red River Valley Experiment Station at
Bossier City and the Burden Research Center at Baton Rouge from 1975
through 1978. Nine different types of inoculants were tested during this
period at Bossier Cit2y. In 1977, all inoculants tested caused a highly
significant increase in number of nodules per plant. No significant differ-
ences were found during the other 3 years. No significant differences were
noted for nodule dry weight in 1976, 1977, or 1978, nor in N-z-fixing
activity, as measured by the acetylene reduction technique, in 1977-78.
Good seed yields were obtained in 1975, 1976, and 1978. No significant
differences were found between control and treatment values in these
years. In 1977, yields were low for this area of the state. Statistically
significant increases in seed yield were obtained with the use of the
recommended rate and five times the manufacturer's recommended rate of
the Soil Implant® granules and from the recommended rate of the liquid
inoculant, Hy-Rhize®. Drought conditions prevailed during much of the
summer of 1 977 , and this was partially responsible for the low seed yields
.
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However, no sound scientific explanation can be advanced for the perfor-
mance of these two inoculants under these dry conditions.
Eleven different inoculants were tested during the 4-year period at the
Burden Research Center. No statistically significant increases were noted
from any inoculant in any year with respect to number and dry weight of
nodules per plant, N2-fixing activity, or seed yield. Poor seed germination
again prevented seed yield measurements in 1978.
In conclusion, use of commercial soybean inoculants generally did not
result in statistically significant increases in nodule number, nodule dry
weight, N2-fixing activity as measured by the acetylene reduction
technique, or in seed yield. One exception was in 1977, when use of Soil
Implant® and Hy-Rhize® did result in significant increases in seed yield at
the Red River Valley Experiment Station when all yields were relatively
low because of very dry weather. Generally, the commercial strains of
Rhizobium japonicum in the carriers tested did not cause any significant
responses over that of the native Rhizobiumjaponicum which were already
present in the soils at the different test locations.
16
